revious studies have shown population-specific differences in pigmentation phenotype between males and females regarding phototype, tanning ability, and eye color. [1][2][3][4][5] Recently, a Spanish group described a stronger effect of melanocortin-1-receptor (MC1R) variants on skin phototype in females compared with males 6 : in females, MC1R variants were associated with lower phototypes compared with male carriers of the same variants. This finding is of interest because MC1R is known to be highly polymorphic-with more than 80 variants described-and is the main regulator of pigmentation phenotype, including hair color, skin pigmentation, and sun sensitivity at the same time.
noma development. We therefore aimed to investigate the association of pigmentation phenotype, MC1R variants, and melanoma risk in males and females in our study population to characterize divergent categories of risk factors between the sexes.
Methods

Study Population
Males and females who were recruited within the M3 Study program (Molecular Markers of Melanoma) were included in the analyses. This program was established in 2008 at the Department of Dermatology at the Medical University of Vienna to study risk factors for melanoma in Austria. 13, [20] [21] [22] Melanoma cases and (control) patients who visited the outdoor clinic for general dermatological problems (without history of melanoma) were recruited to the M3 Study. The diagnoses of the controls have been reported previously. 20 Only participants with European ancestry were included in the current study. More than 90% of the participants were born in Austria. The remaining participants or their ancestors were born in other central European countries, such as Belgium, Czech Republic, Germany, Hungary, the Netherlands, Poland, Romania, Slovakia, and Switzerland. Written informed consent was obtained from all participants, and they were not compensated. This study was approved by the ethics committee of the Medical University of Vienna.
Assessment of Pigmentation Phenotype, Signs of Actinic Skin Damage, and Sun Exposure
For all participants, a detailed examination of pigmentation phenotype (skin phototype, tanning ability, burning tendency, hair color, freckles in childhood) and actinic skin damage on different body sites (freckling, wrinkling, and solar lentigines) was performed and then categorized as described in detail herein. 13, 20, 21 In addition, variables, such as the number of holiday weeks in life, the number of sunburns in life, outdoor occupation, and recreational time, were recorded as described previously 13, 20, 21 (Figure 1 ).
MC1R-Sequencing
MC1R sequencing was performed for 1791 participants of the M3 Study population. After extraction of genomic DNA from whole blood (DNA Purification kit "Wizard Genomic," Promega Corporation), the 951-bp coding sequence of the MC1R gene was amplified by polymerase chain reaction as described previously.
23
Statistical Analyses
Variables that reflect pigmentation phenotype and signs of actinic skin damage were classified into categories as described earlier. 13, 20, 21 The number of holiday weeks and sunburns in life was not normally distributed (Kolmogorov-Smirnov test; P < .001) and therefore categorized into tertiles based on the distribution of all participants (0-1, 2-19, or ≥20 for sunburns and <9, 9-17, or ≥18 for holiday weeks). Outdoor occupation anytime in life was recorded as dichotomous variable (yes or no), and recreational time was recorded as categorical variable (<1, 1-3, or >3 hours per day spent outdoors).
MC1R variants were classified as "R" (high-risk; ie, Ins86_87A, R142H, R151C, R160W, D294H, D84E) and "r" (low-risk; V60L, V92M, I155T, R163Q) variants as described elsewhere. 10, [24] [25] [26] [27] Participants who did not carry any of these 10 most common variants were pooled in the reference group (0 of 0). First, the association of different variables (MC1R variants, signs of actinic skin damage, holiday weeks, sunburns, outdoor occupation, and recreational time) and melanoma risk was calculated separately for males and females by using logistic regression procedures to obtain age-adjusted odds ratios (ORs) and their 95% CIs. Second, only variables that remained significant in this prior analysis were included in the multivariate analyses (separately for males and females).
Two different models were constructed (different types of actinic skin damage + age and different types of actinic skin damage + age +MC1R variants) separately for males and females, and receiver operating characteristic (ROC) curves were calculated to assess the predictive ability for each model.
A 2-sided P value <.05 was considered statistically significant. All statistical analyses were performed using SPSS Statistics software (version 19.0; SPSS IBM Inc).
Results
In total, 905 women (50.5%) and 886 men (49.5%) with a mean (SD) age of 59.17 (15.59) years were included in the analyses 
Pigmentation Phenotype in Males and Females
After adjustment for age and melanoma status, female sex was significantly associated with phototype I /II (OR, 1.44; 95% CI, 1.09-1-89; P = .01), a high burning tendency (OR, 1.36; 95% CI, 1.02-1.82; P = .04), and a low tanning ability (OR, 2.33; 95% CI, 1.56-3.50; P < .001) compared with males. In addition, red hair color was significantly associated with female sex (OR, 2.37; 95% CI, 1.60-3.52; P < .001), as was the presence of freckles in childhood (OR, 1.46; 95% CI, 1.18-1.80; P < .001) ( Table 1) . Stratification for cases and controls showed similar results (eTable 1intheSupplement).
MC1R Variants and Melanoma Risk in Males and Females
Although there were no differences between females and males in number of MC1R variants (eTable 2 in the Supplement), carrying a MC1R red hair variant was significantly associated with melanoma risk only in females ( Table 2) . This association correlated even with the number of the variants: Carrying 2 or more MC1R variants was associated with increased melanoma risk (OR, 2.65; 95% CI, 1.86-3.79; P < .001) compared with carrying only 1 variant. For males, only carrying of 2 or more variants (OR, 1.65; 95% CI, 1.14-2.38; P = .007) ( Table 2) was associated with increased melanoma risk. When we analyzed combinations of variants (R/R, R/r, R/0, r/r, and r/0) and melanoma risk, we identified all combinations to be significantly associated with melanoma risk in females (OR, 2.29 for R/R; 95% CI, 1.23-4.30; OR, 3.07 for R/r; 95% CI, 1.92-4.92; OR, 2.05 for R/0; 95% CI, 95% CI, 1.36-3.10; OR, 1.83 for r/r; 95% CI, 1.07-3.15; and OR, 1.73 for r/0; 95% CI, 1.22-2.45), while in males only carriers of R/r (OR, 2.27; 95% CI, 1.39-3.72; P = .001) and R/0 (OR, 1.70; 95% CI, 1.14-2.53; P = .01) were at increased risk.
Sun Exposure Variables and Melanoma Risk in Males and Females
We next tested the association of sun exposure variables and melanoma risk in males and females separately. While more males had reported a higher number of sunburns in the past, the association of melanoma risk and sunburns was similar between the sexes (OR, 2.41; 95% CI, 1.70-3.42; P < .001 for females and OR, 2.24; 95% CI, 1.58-3.17; P < .001 for males) (eTable 3A and 3B in the Supplement). Outdoor occupancy and the number of hours spent outdoors for recreational purposes seemed to be protective for both sexes; however, this effect was statistically significant only in females (eTable 3B in the Supplement). With regard to moderate to severe signs of actinic skin damage (++/+++), the highest ORs were calculated for the back and the neck in both sexes (OR, 3.68; 95% CI, 2.31-5.85 for wrinkling; OR, 3.25; 95% CI, 2.14-4.93 for solar lentigines and OR, 3.02; 95% CI, 1.98-4.62 for freckling in females, and OR, 4.20; 95% CI, 2.60-6.78 for lentigines; OR, 3.65; 95% CI, 2.22-6.02 for wrinkling; and OR, 2.82; 95% CI, 1.73-4.60 for freckling in males; P < .001 for all comparisons), followed by the hands and the face. While all severe signs of actinic damage were significantly associated with melanoma risk in males, actinic damage on the face did not remain significant after adjustment for age in females; except for solar lentigines with a significant P value of 0.046 (eTable 3A and 3B in the Supplement). Table 3) . A multivariable analysis for the subgroup of males showed again an association of severe signs of actinic skin damage (lentigines on the back [OR, 2.56; 95% CI, 1.47-4.45; P = .001] and the hands [OR, 2.31; 95% CI, 1.24-4.29; P = .008] and wrinkling on the neck [OR, 2.17; 95% CI, 1.23-3.82; P = .007]) and melanoma. Similar to the female subgroup, in men, having 20 or more sunburns in life could be identified as a melanoma risk factor (OR, 1.65; 95% CI, 1.12.-2.42; P = .01). In contrast with females, carrying MC1R variants did not remain significant in the male subgroup in a multivariate analysis (Table 3) .
Receiver operating characteristic curves based on a model with age and different signs of actinic skin damage showed an area under the receiver operating characteristic (AUC) of for males of 0.668 (P < .001) and an AUC of 0.676 (P < .001) for females. Adding MC1R variants led to an improvement of the AUC, particularly in females (0.694 vs 0.682 in males; P < .001) (Figure 2 ).
Discussion
Despite various efforts to prevent melanoma worldwide, its incidence rate is still increasing, especially in young adults, and it ranks in the top 5 most frequent types of cancer. Differences between females and males have been evident for decades, such as the fact that for females, melanoma is the most frequent type of malignant neoplasm, even more than breast cancer, when they are young.
28,29 Other differences include localization of the primary lesions and diseasespecific survival even after correction against invasion thickness. 28,30,31 Until now, there were only assumptions for this phenomenon, such as differences in lifestyle, fashion, and sun exposure habits; however, differences in pigmentation between female and male patients are not well described.
2,4,5
Sun exposure is accepted as the most important external risk factor. Therefore, it is plausible to assume that fair and sunsensitive skin is more prone to develop melanoma. This assumption is supported by the finding that MC1R variants associated with fair skin complexion and red hair owing to the production of the lighter and less protective pheomelanin compared with eumelanin are associated with an increased risk. A previous study demonstrated even a UV-independent pathway to melanoma in red haired mice, 32 and only recently we have shown that red hair variants increase risk independently of sun exposure in humans.
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In agreement with previous reports, 33 female sex was more strongly associated with sun sensitivity, fair skin types (I/II), red hair color, and freckles in childhood than with male sex in our study population. However, although females have been described as lighter pigmented than males in some populations-which was hypothesized to be an evolutionary advantage with regard to vitamin D synthesis and sexual selection 1 -there are also reports of populations where males were identified to have a lighter pigmentation than females, possibly owing to hormonal difference. 2, 5, 33 Differences between the sexes with regard to eye color and freckles have also Abbreviations: AOR, adjusted odds ratio; wt, wild type.
a The single variants do not sum up to the total number of sequenced cases and controls because of missing data b Adjusted for age.
c R = 86_87insA, R142H, R151C, R160W, D294H, D84E; r = V60L, V92M, I155T, R163Q.
d Participants who did not carry any "r" or "R."
been described as population specific. 3,4 Although these findings indicate unignorable differences between the sexes with regard to pigmentation phenotype, the underlying causes seem to be quite complex; for example, the difference in pigmentation phenotype was not due to different distribution of MC1R red hair variants because they were distributed equally between the sexes in our study population.
However, according to previous findings, 6 MC1R red hair variants were found to have a stronger effect on pigmentation phenotype in females compared with males in our study population (eTable 4A and 4B in the Supplement). When we analyzed the association of melanoma risk and MC1R red hair variants in males and females separately in multivariate analyses, we found a significant association of MC1R variants and melanoma in females, but the association failed to remain statistically significant in males (Table 3) .
Limitations
There are obvious differences between both sexes with regard to anatomy, physiology, lifestyle, and behavior, and it is difficult to consider all possible sex-dependent determinants as potential effectors of our observation. Although humoral factors have not been the focus of melanoma research so far, sex hormones have been suggested to play a role in pigmentation and even melanoma development. 28 Functionally, estrogens have been shown to alter pigmentation of the skin. In mice, estrogen does not only increase the expression of MC1R but was also found to increase the content of pheomelanin in females. 34 Pigmentation disorders that are linked to estrogen, such as the ones observed during pregnancy, menstrual cycle, or after intake of contraceptive pills, 35 clearly demonstrate the effect of estrogen on pigmentation in humans.
36-38
Beside the steeper increase in incidence among young women, several studies revealed a link between the use of oral contraceptive or hormonal replacement and melanoma risk.
39,40
Together with our previous report 13 of MC1R red hair variants being a risk factor of melanoma even without sun exposure in humans and an earlier study 32 demonstrating red-haired mice being prone to melanoma even without UV irradiation, it seems plausible that humoral factors alter the effect of MC1R red hair variants on skin phenotype as well as cancer risk by supporting the production of pheomelanin. It is therefore plausible to speculate that the striking incidence of melanoma in young women could be related to the enhanced production of female sexual hormones and their effect on MC1R expression.
Conclusions
In general, sexual hormones, and estrogen in particular, are known to have an effect far beyond effects in reproductive organs. The diverse effect on MC1R expression might be a consequence of evolution in terms of selection advantage. 41 In the context of cancer, it is interesting to note that until the age of 49 years, the incidence of any cancer type is higher among females than for males, which might indicate a general effect of female sexual hormones in oncogenesis. In skin, these effects are undeniable because practically all compartments of the skin from the epidermis to the dermis and even below (ie, subcutaneous tissue) respond to estrogen. 42 The observation of sex-dependent variation in pigmentation phenotype and melanoma risk indicate the need for further studies elucidating the effect of sexual hormones on skin pigmentation and skin cancer. To our knowledge, we present herein for the first time a detailed analysis of risk factors for melanoma in males and females separately in a central European population. The obvious differences of the properties of male and female patients with melanoma emphasize the importance of future studies that might eventually lead to sex-dependent prevention strategies as well as therapy. 
